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(54t Phaso separation device 

(67) A device for separating tbo 
phases of a mbcture comalntng at least 
two phases comprises a vesdel 
containing at least one pack of plates 
1 3 through which the mixture flows 
horizontally, the or each pack 
oomprielng a pluralHy of layorsof 



ptet83, with the plate:4 In each layer 
being parallel and laterally IncHnQd 
(Fig. 2 shows a vertl&al section, and 
flow is perpendlculapto the plane of 
the drawing). In an o«!-water separator 
the plates arefbllowh^d. in the flow 
direction, by a ooale^ser pad and 
respective outlets for?separated 
phases^ 
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SPECIFICivTtON 

Phase se|»aratiDn ddvlee 

This invention relates to a phase separation 
device for separating the phases of phase mixture 

5 comprising at least two phases. 

A probl 2m frequently encountered in chemical 
engineering Is the separation of phase mixtures of 
various kinds, for example llquid-liquld 
dispersior s, gas-fiquid dispersions fue. foam or 

1 0 mists), solid-liquid dispersions. gas-$olid 

dispersjoris (sntokes), and more complex three 
phase disjjerslons, e.g. ges-liquid-liqurd, solid- 
liquid-liquW, and gas-Hquld-aolld dispersions. 
Commonl/ adopted types of apparatus include 

1 5 so^lled olate or shelf setttars. as well as simple 
"empty vessel" separators in which the phase 
mbctura Is altewed to settle under gravity under 
condition I of very low overall flow velocity. 
Plate s^arators generally use flat or 

20 corrugated plates. Such plates may be fixed with 
constant, uniform separation, or in one known 
design, a sfnusoidally varying plate separation may 
be adopti d. The plates may be horizontal or 
inclined i;i the direction of flow. 

25 tn tho^e separators fn which the plarta 
separatioii is not constant the purpose is to 
promote iltemate acceleration and deeelera-don, 
Ke. an Increase and a decrease in local pmssurerOf 
the fluid I nixture. This Is said to promote droplet ' 

30 coalescei ice In the mixture and thereby to improve 
separaticn.. However, to achieve this end it Is 
necessar/ to posrtion the plates dose together 
and to mnke tfie change in plate separation over 
each Inta-val as large as possible. The 

3S disadvantage of this Is that the plate pack id then 
subject t» blockage ff solid particles ^re present 
As, In prectioe, may liquid-liqukl dispersions, 
particuia iy liquid effluents;, tend to contain at least 
aceruln proportion of solldSr the design of such 

40 separato'^s is not entirely sattsbctory. 

In the m^ority of plate separators with uniform 
plate separation the plates are-inclined in the 
ditection of flow. In the case of separators 
designee for llquid-Jiquid dispersion separation, 

46 e,g. oily water separatloa the plates are tilted «o 
that the - coalesced lighter phase (oil) that collects 
on the ui iderside of each plate flows In counter 
current to the aqeous phasOf In the case of 
soltda/lFcuid separation co-oun^nt flow will occur 

50 in such en arrangement provided that the solids 
are heav>er than the liquid. By changing the 
' Inclinattc <n a concurrent countor-curtefrt 
affangenent can be achieved, 

A das:gn has also been proposed, the so-called 

S5 cross-Ac w deslpn, in which a set of uniformly 
spaced p lates is used which are generally aligned 
with the direction of flow but are inclined 
transver:»e to this direction. Although this design 
gives ris»; to no particular serious problem relating 

60 to liquid level on Interface conuol, its separation 
power h not -entirely satisfactory. 

The p^sent Invention accordingly seeks to 
provide j phase separation device which exhibits 
improved separation characteristics compared 



65 with inclined piate separators and ^vtth existing 
cross-flow separators. It further se^iks to provide 
an improved phase separation devise which is 
not prone to ready blockage by sol'^s^The 
invention also seeks to provide a r^ivei form of 

70 separatorwhlch enables a coalescrirtobe 
Incorporated into the design In a p. srticularly 
compact manner. 

According to the present Invent on there is ^ 
provided a phase separation devic-:- for separating 

76 the phases of a phase mocture conLelnlng at least 
two phases, which device comprle^s a vessel 
containing at least one pack of tariretlar bodies 
through which phase mixture is pe^ed in use, the 
or each pack comprising a piuralit* * of layere of 

80 lamellar bodies arranged one abov$ the other in 
the path of flow of the phase mixfr^re and each 
layer comprising a plurality of iam-^llar bodies 
arranged substantially parallel to c ne another and 
Inclined transverse toand substar -lally aligned 

55 with the direction of flow of the pf^ase mixture- 
According to another aspect of the present 
invention there is provided a proci^ssfbr 
separating the phases of a phase Mixture 
containing at least two phases* w>.ich comprises 

90 passing the mixture through a vessel containing at 
least one pack of iameltar bodies, Jie or each pack 
comprising a plurality of layers of <emellar bodies 
ananged ona above the other in t^-e path of the 
flow of the phase mixture and eaci layer 

95 comprising a plurality of lamellar foodies arranged 
substantially parallel to one anotbi3rand inclined 
transverse to and substantially BlF??ned with the 
direction of flow of the phase mix ure« and 
recovering at least one separatedri^hase from the . 
100 downstream end of the vessel. 

The invention thus envisages a multJ-iayer 
cross-flow type coalescer. Compfsfed Wfth a single 
layer cross-flow an'angement the .device of the 
present invention has a markedly improved 
10$ separation efficiency. 

The device of the invention is |?referably 
designed so that the direction of f ow of the phase 
mixture is substantially hor'izonta^or at an angle of 
at most not more than about 1 S^to the 
110 horizontal. 

Typically the phase mixture co-nprises an oU-ln<- 
water or water-in-oil type dispersion. Such 
dispersions may include "pnmarydlspersion" 
dzed droplets, le. droplets of diSFier&ed phase 
115 which wilt upon standing under gravity settle out 
into a layer of disengaged phase^-and possibly also 
"secondary dispersion" sized dror^lets, l,e. droplets 
that ere too small to settle out so:^ly under the 
influence of gravity. Typically droMlets having a 
X20 diameter of about \ 00 micrometres or more can 
be classed as "primary dtepersior" sized droplets, 
whereas droplets with a diamete!' of fess than 
about 20 micrometres are classe<.1 as "secondary 
dispersion" sized droplets. 
125 The device of the present Invei'iflon Is aimed at 
effecting disengagement of dtsp&vsi ns with 
"primary dispersion" sized droplets; it however, 
the dispereion contains or may c«>ntaln also 
''secondary dispersion** sized droplets* then it will - 
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usually be dee Irable to Irioprporate in tha device a 
qoafeecer mejjnfi, such as a pad of knitted mesh 
fabric^ downsr ream from the pack or packs of 
lamellar bodit s. The lameiler bodies ere preferably 
5 unifbrmly spa ced one from another within each 
layer and/or pjck. 

In a partict larly preferred design the upper 
edgas of the timallar bodies of one layer lie 
Intarmediata 10 the lower edges of the l^matlar 

10 bodies of the ayer immediately above the first 
mentioned laver and the plates of adjacent laycre 
are Inclined ir opposite transverse directions. 

The lamell: r bodies within each layer are all 
substantially t)arallel to each other and the angle 

15 between the |i1ane of each lamellar body of a 
respecthm la> er and a vertical plane, measured In 
a plane at right angles to the direction of flow, 
may be, for example, from about 30* to about 
60 typically ^bout45*. Hence, when the 

20 direction of flow is horizontal, the lamellar bodies 
may be Inclined at an angle to the horizontal of* for 
example, from about 30* xd about 60**, typicalFy 
a bout 45* to the horizontaJ, 

In order th Ji the Invention mray be clearly 

25 understood and readily oan-lad into effect a 
preferred emoodiment thereof will nowba 
described, by way of example only, with referenca 
to the accompanying diagmmmatic drawings, in 
which : — 

30 Figure 1 is a vertical section through an oii- 
water separator constructed according to the 
Invention; an i 

Figure 2 Is a vertical section on an enlarged 
scale on the i ine A— A of Figure 1 . 

35 Referring to the drawings, and to Figure l in 
particula r, ar oil-water separator comprises a . 
rectangular plan vessel 1 to which an oiMn-water 
dispersion to be separated is fed by way of lino 2. 
This drspersl* »n may Includa only "primary 

40 dispersion" s-lzed droplets of on or may also 
include a pn: portion of "secondary dispersion'' 
Sized oil dmplets. It may also contain a minor 
amount of scllds. Disengaged oil overflows a weir 
the heighi of which Is acyustable, and exits the 

45 separatorby way of tine 4. Disengaged water 
overflows w^ff & and exits the separator by way of 
line 6. 

Vessel t i^malns a pack of lamellar bodies 7, 
which is nius'trated in more detail in Rgure 2« as 

50 weiiasacoalescerpadSwhichSsmadeJor 
example, of 1 knitted mesh fabria Coaiesoer pads 
of suitable t*'-pe can be' obtained from KnItMesh 
Limited, of £.anderstead Station Approach, South 
Croydon* Su ney. A particularly suitable form of 

56 pad is that cssenbed in United States Patent 
Speclflcatlo:) Na 4057493 and sold under the 
trademaric'Kn'itl^ssh 0C\ 

As can b< seen from Figure 2 pack 7 comprises 
four layers ID, 11 and 12 of plates. Within each 

60 layer 9, 1 0, 11 or 1 2 the individual plates 13 are 
ellgned parfrltel to the walls 14, 1 5 so that they 
are generall y aligned with the direction of flow of 
liquid throui ih the vessel 1 ■ The plates 1 3 are 
arrangad pa'allel to one another within each layer 

65 and are Spa '^^d uniformly one from another* As 



can readily been seen from Figuns 2, t-^e plates 13 
within each layer are inclined transverse to the 
flow of liquid at an angle of about 45'^ to the 
horizontal. 

70 As the oll-in-water dt^rsfon passes through 
pack 7 between a pair of plates 13 1h t "primary 
disperelon" sized oi) droplets rise thrc jgh the 
water layer until they contact the unc:»r&ide of the 
upper ona of the pair of plates 1 3 wh .^re ihev 

7 5 coalesce with oil from other droplets ivid form a 
layer of oil which flows up towards a -Jp 1 6. This 
lip 1 6 is melted 47r formed onto the uf^por edge of 
each plate 1 3 and runs along the lenf^ of each 
Plata 1 3 in the direction of flow of th^s continuous 

80 phase, i^ water. If desired, Ifp 1 6 cah be indented 
at Inteivals along its length in order t-< promote 
coliectfon drip point release locations.. 

As is well known, the rate at whid' a "primanr 
dispersion'' sized oil droplet rises thrcHigh the 

85 water ISyer depends upon the densit*; difference 
between the oil and water and upon -^le diameter 
of the oil droplet^ as wefl as. to a lessi^r extent 
• upon the temperature. In designing ty.e illustratad 
coalescer all these factors should be -laken Into 
90 account so as to ensure that the lengih of the 
plates 13 of the pack 7, as measured in the 
direction of flow of the aqueous phas;?, is 
sufficient in relation to the maximun>fIow rate of 
dispersion to the coalescer and to th» spacing 
95 between adjacent pairs of plates 1 3 0 allow time 
for all such oil droplets present in ihe dispersion at 
the inlet end of the pack 7 to rise anc coalesce 
with already disengaged oil on the ui-xder^de of 
the relevant plate 1 3 before fc»eing ceTled out of 

1 00 the exit end of pack 7. Generally 6pe>>king the 
closer the plates 1 3 In each layer arepodtionedr 
the shorter can be the length of the ]r-lates 13 for a 
given di^rsion measured in the din^cdon of flow 
since the "primary dispersion" sixed'iJil droplets 

105 have a shorter distance to rise bafoa 

encountering the underside of a plat':: 1 3 of an oil 
layer thereon; hence the closer the p^atas 1 3 are, 
the more compact the design can bff- However the 
closer the plates 1 3 are spaced the f reater the 

110 pressure drop across pack 7 and thei'^reater the 
{danger of blockage due to soUds acclimurating 
between the pistes 1 3. Thus the sp»)lng between 
plates 13 will usually be selected sohssto 
minimfss tha danger of blockage. 

115 As can be seen f mm Rgure 2, theiplates 1 3 of 
layers 9 and 1 1 are Inclined in the oiF^osite 
transverse direction to the plates 1 3<of layers 1 0 
and 12* Moreover the lips 1 6 on eac-i plats 13 of 
the lower layers 10, 11 and 1 2 are posHSoned 

120 intermediate corresponding lips 17 *v/hioh ara 
attached along the lower edges of pates 13 of the 
layer (9, 1 0, or 1 1 as the case may t e) 
immediatefy above them. Ups 1 6 s& ve to release 
disengaged oil flowing up the underside of the 

1 25 respective plate 1 3 and al low it to fl ->w up without 
redi9persion to the underside of the^^rrasponding 
plate 1 3 in the layer immediately ab^ve it, until 
finally rt coalesces with a layer of disengaged oil 
that floats on the surface of the liqu^ J in the vessel 

130 1 and overflows weir 3. 
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Immediately downstream from pack 7 i« 
mounted ;oalescer ped S. This serves to ooalesce 
some of the emalfer oH droplets that ere not 
d'lsengag* d from the dispersion in passage 
5 through pack 7. Because the pJates 1 3 of pack 7 
ere aligned with the overall dtrecrlon of liqufdflow 
there Is n< . need to fntroduce a level control 
connpartn^ent between pack 7 and ooalescer 8 
as IS necBi^tv in conventional inclined plate 

lOt sepatidtor^. Hence the Ulustrated oil^watBT 

separator can be made to a more compact design 
than can r converrtiDnal Inclined plate separator 
fitted with a coalescer pad. Vesaef t is fitted in 
addition vtiih outlets 1 B, Id foreolids that may 

1 & settle out 

Ahhouijh vessel 1 had been illustrated ae being 
an open-topped rectangular tank it wHI be 
apprec^at^2d by those skilled In the art that the 
Invention can be adapted to closed ve^eel&of 

20 various shapes, e.g, cylindrrcal vessels with 
substantj'illy axial flow of liquid therethrough. 
Moreover such closed vessels can be operated 
under red jced or elevated pressures^ as desired. 
Insteat I of usirrg a coalescer pad 8 as a second 

25 coalescer rt is alternatively contemplated to use 
dissoh/ed and/or dispersed air flotation by 
introducing air Into the liquid adjacent the exit end 
of pack 7 via a water stream dratributor stted 
above th$ skldgszone. 

30 Although the illustrated oil-water separator has 
bean de3<jHbdd in relation to separation of an oil- 
in-water -ype dispersion, it is equally suited to 
separatlO'i of water-4n-oil type dlsporsione* 
Moreover it can also be used to treat three phase 

35 dimensions, such as oil/gaft^waterdisparsions or 
cll/WatBC'sand dispersions found at the wellhead 
in oil or gasflelda. The invention can also be used 
In Ifquid-llquld esctraction processes, e.g. for 
sepamta'rg the phase mixtures fonned in so-called 

40 solvent e<tractkin of metai such a zinc, copper or 
uranium jsing hydrophobic solutions or organic- 
soluble etal chelating agents to extract metals 
from aqueous solutions thereof. 

JhB in /ention can also be used to separata 

45 gaa/liqufi liquid phases such as are found 
downstn am of reactors in a large variety of 
chemical process plant 

CLAIMS 

1 . A pnase separation device lor separating the 
50 phases c f s phase mixture containing at least two 

phases* which device compdsae a vessel 
contalnir g at least one pack of lamellar bodies 
through which phase mixture is passed in use, the 
or each j ack comprising a plurality of layers of 

55 lamellar iDOdies arranged one above the other in 
the path of the flow of the phase mixture and each 
layer comprising a plurality of lamellar bodies 
an^ngec substantially parailei to one another and 
Inclined cransverse to and substantially aligned 

60 with the direction of flow of the phase. 

2. A device according to claim 1 , in which the 
dlrectior of flow of the phase mixture Is at an 
angle of st most not more than about 1 5^ to the 
horizont il. 



65 3. A device according lo Claim ' or Claim 2, In 
which the direction of flow oFpha&^ mfocture la 
substantially hoHzontal. 

4. A device according to any on*) of claims 1 to 
3, further including a coalescer means 

70 downstream from the pack or paci;^ of ISmellar 
bodies. 

5. A device according to claim in which the 
coalescer means comprlsas a pad^jf knitted mesh 
^brlc. 

76 6. A device according to any or 3 of claims 1 to 
5, in which the lamellar bodies ar^ uniformly 
spaced one from another within e.: ch layer and^or 
pack. 

7. A device according to any one clalnr^s 1 to 6« 
80 In which the upper edges of the la^nellar bodies of 

one layer lie intemwdlate to the Jc wer edges of 
the lamallar bodies of the layer IrrrTiediately above 
the first mentioned layer and the fMates df 
adjacent layers are Inclined in opp:jslts transversa 
65 directions. 

8. A device according to any ore of claims 1 to 
7, In which the angle between the .plane of each 
lamellar body of a respective layei: and a vertical 
plane, measured in a plane at righ - angles to the 

90 direction offlow, ranges from aboiit 30° to about 
60«. 

9. A device according to deim ), In which the 
said angle Is about 45^. 

1 0* A device according to dain 8 or claim 9, in 
95 whIdY the directton of fk)w is horihOntal and the 

lamellar bodies are inclined at an ingle to the 
" horizontal of from about SO*" to al:iout 80^. 

11 . A device according to clain= 1 0r In which 
the lamellar bodies are inclined a^an angle of 

100 about 45** to the horizontal. 

12. A phase separa-don device ''constructed and 
an^nged substantially as herein ds^scribed with 
particular reference to the drawini:45. 

1 3. A process for separating th^s phases of a 
1 05 phase mixture containing at least<i.two phases, 

which comprises passing the mix'^ire through a 
vessel containing at least one pace of lamellar 
bodies^ the or each pack comprise ig a plurality of 
layers of lamellar bodies arrangecnon above the 

110 other in the path of flow of the pb^se mixture and 
each layer comprising a plurality i-f lamellar bodies 
arranged substantially parallel to ine another and 
(ndined transverse lo and substan tially aligned 
with the direction of flow of the piiasa mixture, 

1 1 3 and recovering at least one sepaMed phase from 
the downatream end of the vesse^. 

14. A piooess according to dff ms 13, in which 
the direction of flow is at an ang^ of at most not 
mora than about 1 5' to the horte^ntai. 

1 20 1 5. A proce w acoonllng to dtf m 1 4, in which 
the direction of flow of the phase-mixture Is 
substantially horizontal. 

1 6. A pnjcess according to arr one of daJms 
1 3 to 1 5, in which the phase mix'ture comprises 

1 25 an oil-ln-wator or water-in-oll type dispersion, 

1 7. A process according to da m 1 6, In which a 
coalescer means ts positioned dc wnstream from 
the peck or packs of lamellar bodies In the path of 
dispersion. 
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1 8. A proc- ifis according to ony one of oteims 
1 3 to 1 7, In v hlch th9 lamellar bodies are 
uniformly spa-^d ona from another within each 20 
layer and/or pad(r 
5 1 9. A procv^ss according to any one of claims 
1 3 to 1 8, in vhlch the upper edges of the famellar 
bodies of one layer lie intermediate to the tower 
edges of the 1 imellar bodies of the layer 25 
immediately i ibove the first mentioned layer and 

10 the plates of . idjacem layers are incKned in - 
opposite transverse directions. 

20- A proi ess according to any one of claims 
13to ia In ^ vhwh the angle between the plane of 30 
each lamella body of a respective layer and a 

1 5 verb'cal planrv meafiured in a plane at right angles 
to the diracti on of flow, ranges from about 30" to 
about 60«. 



2 1 . A process according to dalm XO^ in which 
the eald angle la about 48^. 

22. A process according to claim kO or deim 

2 1 , in which the direction of flow is horizontal and 
the lamellar bodies are Inclined at Bn^engle to the 
horizontal of fit>m about 30" to Bbot:t 60^. 

23. A proceea according to claim ^"JZ, In which 
the lam^ler bodies are inclined at arv angle of 
about 45^ to the horizontal. 

' 24^ A process for separating the priases of a 
phase mixture containing at least twsi phases 
conducted substantially as herern deficribed with 
particular reference to the drawings.. 

2 5. Each and every novel feature md 
combination of features herein dlsdi^d and their 
obvious equivalents. 
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